18 19 Many important gram-negative bacterial pathogens use highly sophisticated type III secretion 20 systems (T3SSs) to establish complex host-pathogen interactions. Bacterial-host cell contact 21 triggers the activation of the T3SS and the subsequent insertion of a translocon pore into the 22 target cell membrane, which serves as a conduit for the passage of effector proteins. Therefore 23 the initial interaction between T3SS-bearing bacteria and host cells is the critical step in the 24 deployment of the protein secretion machine, yet this process remains poorly understood. Here, 25 we use high-throughput cryo-electron tomography (cryo-ET) to visualize the T3SS-mediated 26 Salmonella-host cell interface. Our analysis reveals the intact translocon at an unprecedented 27 level of resolution, its deployment in the host cell membrane, and the establishment of an 28 intimate association between the bacteria and the target cells, which is essential for effector 29 translocation. Our studies provide critical data supporting the long postulated direct injection 30 model for effector translocation.
INTRODUCTION
Type III secretion systems (T3SSs) are widely utilized by many pathogenic or symbiotic Gram-cells, we compared the in situ structures of fully assembled injectisomes from minicells obtained from remodeling, and bacterial internalization due to inefficient partitioning of the effector proteins that suited for high-resolution cryo-ET imaging. Therefore, we applied bacterial minicells obtained from 115 wild-type S. Typhimurium onto cultured epithelial cells grown on cryo-EM grids. We found that the 116 periphery of adherent cells is sufficiently thin (< 500 nm) for high-resolution imaging (Extended Data 117 Fig. 1 ). We readily observed T3SS injectisomes at the interface between minicells and the plasma 118 membrane of cultured epithelial cells ( Fig. 2a-b ). We found that in the presence of the injectisomes, 119 the spacing between the surface of the S. Typhimurium minicells and the cultured-cell plasma 120 membrane was ~50 nm, which matches the needle length of the injectisome imaged prior to their interacting injectisomes appeared straight ( Fig. 2c ). We also observed that the interaction of the 124 injectisome and the target cell resulted in a noticeable inward bend of the PM (Extended Data Video 125 1). Consistent with this observation, the distance between the bacterial cell and the PM was shorter 126 (~30 nm) than the distance observed in areas immediately adjacent to the injectisomes (Extended 127 Data Fig. 2g -m). However, we did not observe any sign of penetration of the needle filament through contact with target cells the injectisome does not undergo conformational changes that could be seen 138 at this level of resolution.
140
Visualization of the formation of the translocon in the target host cell membrane
141
The deployment of the translocon is an essential step in the T3SS-mediated delivery of 142 effector proteins. However, very little information is available on both, the architecture of the 143 assembled translocon, as well as the mechanisms leading to its deployment on the target cell. It is 144 believed that the deployment process must be initiated by a sensing step most likely mediated by the 145 tip complex (i. e. SipD), a step that must be followed by the subsequent secretion of the translocon 146 components (i. e. SipB and SipC) destined to be inserted on the target eukaryotic cell PM. To capture 147 the formation of the translocon, we analyzed over 600 injectisomes adjacent to the host PM.
148
Classification of sub-tomograms depicting the region of the tip complex ( Fig. 3a) showed the PM at association with the PM, we obtained a distinct structure of the putative translocon in the host PM 153 ( Fig. 3j ). Sub-tomogram averages of injectisomes from the S. Typhimurium translocase-deficient 154 mutants ΔsipB or ΔsipD in close proximity to the target cell PM did not show this distinct structure, 155 thus confirming that this density corresponds to the assembled translocon ( Fig. 3k, l) . To better 156 visualize the translocon in 3D, we segmented the distinct translocon structure in the context of the data also further support the notion that the distinct structure embedded in host membrane in close 175 apposition to the T3SS injectisome needle tip is formed by the translocon.
176
One of the striking features associated with the intimate T3SS mediated contact and the 177 formation of the translocon is the target cell PM remodeling around the translocon-injectisome needle 178 tip interface, appearing in a "tent-like" conformation ( Fig. 2c , Extended Data Video 1). This feature is 179 likely the result of the close association between the bacteria and the target cell presumably mediated 180 not only by the T3SS but also by multiple additional adhesins encoded by S. Typhimurium. In fact, 181 the distance of the bacteria OM and the target cell is shorter than the length of the needle itself, which 182 results in the bending of the target cell PM and the "tent-like" conformation around the injectisome 183 target cell PM interface. It is possible that this intimate association may facilitate the T3SS-mediated surrounding the needle filament. These observations reflect the intimate attachment that is known to 193 be required for optimal T3SS-mediated effector translocation that may result in the close apposition of 194 the tip complex and the target cell PM. Importantly, we have been able to visualize a distinct density 195 within the region of the target cell PM in close apposition to the needle tip of the T3SS injectisome.
196
We present evidence that this density corresponds to the deployed T3SS translocon since this density 197 was absent in the bacteria/PM interface of mutant bacteria that lack the translocon components. The 
207
In the absence of the tip protein, the components of the translocon are very efficiently secreted but 208 they are unable to form the translocon (Kaniga et al, 1995; Ménard et al, 1994) . It is therefore possible 209 that the insertion in the membrane of the purified translocon components in the absence of the tip 210 protein may lead to a structure that is substantially different from the one that results from the 211 interaction of bacteria with target cells.
with host cells. It is unlikely that these observations are an indication of fundamental differences 
